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FOREWORD

The results of this study of the growth of residual red spruce trees
following partial cutting for pulpwood were submitted to the Division of
Graduate Study, University of Maine, as a thesis in partial fulfillment of
requirements for a Master of Science (in Forestry) degree.
The author, A. Temple Bowen, gathered the data on Indian Township, Washington County, Maine. The School of Forestry holds its
summer camp for junior forestry students there and carries out management practices in cooperation with the Maine Forest Service and the St.
Croix Paper Company. The annual cut of 1,500 cords of pulpwood
and 100,000 board feet of sawlogs is made from trees marked for
cutting.
Marking is a practice which is receiving more attention in the
management of spruce-fir stands in Maine. Forest managers will continue to be interested in this practice only if it brings suitable benefits in
the form of increased growth, better reproduction, or decreased damage
from wind and other causes. Water, recreation, and wildlife values will
be considered, although outside the scope of this report.
This study was confined to a single species located in a few stands
in only one township in Maine. Before the implications of this study are
incorporated into forest management philosophy extensive tests need to
be made involving more species over an extensive portion of the forests
of the entire state.
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THE RELATION OF TREE AND STAND CHARACTERISTICS TO BASAL AREA GROWTH OF RED
SPRUCE TREES IN PARTIALLY CUT
STANDS IN EASTERN MAINE
A.

TEMPLE BOWEN, JR.!

INTRODUCTION

Historically, timber harvesting in the spruce-fir region of Maine
has been accomplished under a commercial clearcut system resulting in
the removal of all merchantable trees on the operating area. Low
stocking of residual stands is consequently a common characteristic of
lands cut in this manner. Although the merchantable stems may be
scattered, there is often a sufficient stock of reproduction, and in some
cases there may be overstocking in the small size classes resulting in
thickets. The general system has acquired a bad name, not so much
from the technical disadvantages of the method as from the low aesthetic
value of these stands.
In recent years a general trend has developed indicating an increased interest on the part of spruce-fir pulpwood land managers in
changing their present management techniques. The system that has
emerged and is becoming widely recognized is a single tree selection
method of harvesting. This method may be described as a harvesting
plan that results in the cutting of single trees or small groups of trees
that have been designated for harvest through the use of some form of
guideline or marking rule. The marking is usually done under the supervision of a technically trained forester.
Naturally, a system of this nature will only be successful and accomplish its objectives if the tree marking is done properly. The problem is then one of selecting the proper trees to harvest. This selection
of crop trees is best accomplished by using professionally trained foresters as markers. Since the cost of such an approach is prohibitive, an alternative procedure is generally substituted. This entails the construction of a set of rules or guidelines sufficiently specific to enable a trained
forest workman to determine which trees shall be harvested and which
trees shall be retained as the components of the residual stand.
Among the many factors that must be considered in constructing
a guide to tree selection are growth, size, vigor and species of tree, as
well as site, stand density, stand structure, size and quantity of reproduction and desired product.
1
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This study was designed to evaluate the relationship of red spruce
tree growth to various tree and stand conditions. Some of the tree
characteristics selected for this study were initial d.b.h., live crown
length, total height, total age at d.b.h. and the periodic basal area growth
five years prior to partial cutting. Stand conditions that were considered
included basal area per acre and the number of trees per acre, since
both are relativ~ measures of the competition between trees on any
given area. The relationships between these factors would be very useful in assessing the potential of any given tree or group of trees.
By correlating some of the above mentioned factors with tree
growth a statistical comparison of the growth of the same trees for
periods before and following partial cutting could be made for equal time
intervals. This would then result in some factual data concerning the
effect of opening up the stand.
The results of the growth comparison phase would allow an evaluation of the relative effectiveness of the marking rules used on Indian
Township assuming that the period of time elapsed since partial cutting
was sufficient to allow adequate growth acceleration in the residual
stems.
The method of presentation used in this paper is somewhat different from the usual one. The study methods, including preliminary
planning and data collection, are described in the section on methods.
The analytical techniques that are generally applicable to the study as
a whole are also presented in this section. Since the study evolved
through several more or less distinct steps, each phase has been reported
separately outlining the specific methodology, the results and a discussion of these results. General conclusion drawn from the study as a
whole are presented in the final section.
METHODS

The methods used in this study may be arbitrarily classified as preliminary planning, data collection and generalized analytical techniques.
Specific analytical procedures associated with a distinct phase of this
study will be presented under that particular section which deals with
the phase in question.
Preliminary planning includes a discussion of the events and decisions leading to the design of the study as well as to the methods of
field technique utilized in this investigation. Finally, a dicussion of
the analytical techniques applicable to the study as a whole is presented.
Preliminary Planning

The first item to be considered in planning the study was the determination and selection of those tree and stand characteristics best
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suited to this investigation. Three main criteria were considered in making these selections. These criteria were that (1) the measurements
of the characteristic should be precise, (2) each characteristic should
be logically associated with individual tree growth and (3) at least some
of the characteristics selected should be such that they may be readily
oberved in the standing tree or in the existing stand. The characteristics
elected are indicated on tally sheets I and II included in appendix A.
.
The tally sheets shown in appendix A were designed to (1) facilitate data collection and (2) insure the legibility of the data when the
analysis was begun. Tally sheet I was used to record the tree characteristics and their values. These values are enumerated by encircling the
appropriate digits printed on the sheet to the right of the designated
value. Tally sheet II was used to record the data collected on the concentric plots surrounding the sample tree. Tally sheet III was designed
by Dr. Dwight Demeritt and was used in this study to record the location, size and species of each stump within a thirty-five foot radius of
the sample tree that resulted from the most recent partial cutting. Tally
sheet II-A was designed to facilitate one phase of the analysis, data conversion.
It was decided that some measure of intra-stand competition should
be made to evaluate the correlation of competition with stem increment.
The basal area per acre and the number of trees per acre were used to
estimate the degree of competition. Although these stand characteristics
may not describe stand density as well as certain indices that have
been developed, their simplicity and ease of collection made their use
seem more suitable for the purposes of this investigation. These data
were collected on three concentric plots around the sample tree. Three
plots were selected because the plot size that would best represent the
adjacent stand was not known and the radial distance around the sample tree, within which competition from other trees was exerted, was
not known.
After selecting the tree and stand characteristics to be recorded and
after designing a set of suitable tally sheets, it was necessary to select
an area that would be well suited to an investigation of this nature.
Indian Township, Washington County, Maine, was selected because
(1) the Robert I. Ashman Forestry Camp was located there and facilities were available, (2) the area had been selectively cut for a number of
years under the same marking rules and under the same supervisor, and
(3) each of the separate cutting areas harvested in the last seven years
could be readily distinguished on the ground.
Finally, a sampling system or design was selected. The design
used in this investigation may be described as a purposive tree selection
sampling system. Specific trees were elected using present d.b.h. and

8
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adjacent stand density as the criteria for selection. The object of this
system was to obtain a wide distribution of values for the characteristics
selected and thereby increase the chances of obtaining useful correlations.
Data Collection

The tree selectien system of sampling used in this study served the
purpose of maintaining a wide range of values in the tree d.b.h. and
stand density characteristics. In addition to these two factors, ether
criteria that determined whether or not a tree was sampled included
the presence or absence of butt rot, fire scars, broken tops or excessive
lean. The presence of any .of these morphological defects excluded a
tree from the sample.
Several of the tree characteristics were measured while the tree
was still standing. The diameter at breast height was measured with
a diameter tape and the point of measurement was marked. The
vigor class and the crown position were also noted at this time. Although they were not measured until the tree was felled, the positions .of
the longest and shertest branches were noted for future reference.
Upon the completion of the standing tree measurements the sample
tree was felled. This was accomplished with a bow saw using standard
felling techniques. A chain saw was not used because the resulting
cut surface was so rough that accurate ring counts and measurements
could not be readily made. In all cases, the lowest stump height practicable was .obtained. The felled tree was smoothly severed at the point
previously marked as breast height. The remaining tree measurements
were then made and recorded. The radial growth in inches to the nearest one hundredth of an inch was measured with a plastic rule. This
measurement was made along the two average radii on the upper surface of the 4-foot section .of tree bole that was previously severed frem
the rest of the tree. These growth or ring width measurements were
obtained for both the period between the 1959 growing season and the
time that the stand was partially cut and for as-year peried prior te the
time the stand was partially cut. The bark thickness at breast height
was measured with a metal stem analysis rule to the nearest five hundredths of an inch. Tetal height and the height to the live crown were
the next measurements to be made. These measurements were made
directly along the bole .of the felled tree with a 50-foot steel tape and
were recorded to the nearest fo.ot. The height growth since the stand
was partially cut was measured to the nearest one tenth of a foot. The
total tree height at the time the stand was cut was then calculated by
deducting this value from the total tree height at the tim~ the tree
was felled. The estimated live crown length at the time the stand was
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cut was consequently determined by deducting the height to the live
crown from the total height at the time the stand was partially cut. This
method for calculating the live crown length is accurate if the assumption is made that there has been no significant recession of the lower
crown level. It is reasonable to accept this assumption .considering the
fact that the stands were opened up and that keen competition was not
effective during the period involved. The age of the tree at the stump
level (less than one foot) and at breast height was determined by a
count of the annual rings at these levels. The longest and shortest
branches were finally measured for length using a steel tape, and the
values were recorded to the nearest foot.
In general, the plot measurements were taken after the tree
measurements had been ,observed. The stand data, collected within a
35-foot radius of the sample tree, consisted of an enumeration of all the
stems exceeding 1.6 inches d.b.h. by species, location on the plot and
d.b.h. The major plot was divided into three concentric sub-pots 15,
25 and 35 feet in radius. Tallying the stand in this manner allowed
more precise analyses of the effect of density on sample tree growth.
The plot radii were . measured using a wire centered plastic line with a
metal ring fastened to one end. Colored ribbon was tied to the plastic
line at 15, 25 and 35 feet and the metal ring was dropped over a nail
driven into the center of the sample tree stump. The plot data were
recorded on tally sheet II shown in appendix A.
The final step in the field procedure was a tally of the stumps that
were a result of the most recent partial cutting. The observer, using
tally sheet III shown in appendix A, oriented this tally sheet in a northerly direction and designated on the sheet the size class, species and
relative location of each stump within the 35-foot radius. The 2-inch
size classes were used because the irregularity of the stumps did not
allow a more precise measurement.
General Analytical Techniques

The major analytical or statistical tool used in this investigation
was multiple linear regression as described by Snedecor (1959) and
Schumacher and Chapman (1954). Specific modifications of this
technique and unique analytical methods used in the various phases of
this study are described under the appropriate section.
The magnitude of the analysis by multiple linear regression, 8
equations, 15 variables and 216 observations was such that an automatic computer was employed for the analysis. The use of an IBM 709
Data Processing System was made possible through a cooperative agreement between Massachusetts Institute of Technology and the colleges
and universities of New England. A suitable program written by
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Effroymson (Esso Standard Oil) was selected from the SHARE program library avaiLable to those who use the facilities at M.LT.
Additional analysis of the same data was simplified greatly by the
use of the print-out sheets produced by this program. These print-out
sheets included such vital information as the raw sums of squares, the
true sums of squares, the means and the sums of all the included data.
DATA CONVERSION
A modification of the observed data was necessary before attempting any form of analysis. The trees on the plots were observed in June,
July and August of 1960. The values needed to analyze the desired
relationships were the basal area per acre and the number of trees per
acre present immediately after the stand was partially cut. Regression
analysis techniques were used to determine these past values from the
data that were collected at the time of the study. The past d.b.h. values
were then combined for each sub-plot and the past basal area per acre
and number of trees per acre were obtained.
Methods and Results

Data collection for this phase of the investigation was accomplished
by boring at breast height ten sample trees of each of red spruce, balsam
fir, eastern hemlock, eastern white pine and red maple. These samples
were all obtained on the area that had been partially cut seven years
before. Each tree was bored twice at right angles and the width of each
annual growth ring for the preceding seven growing seasons was measured on each core. The average of these measurements was calculated
for each tree and this value as well as the tree species and d.b.h. were
recorded on a tally sheet.
From these data, regression equations were constructed describing
the relationship of the past d.b.h. to the present d.b.h. and the time
interval in years for each species. The resulting equations for each
species are shown in table 1. In all cases the 'independent variables were
significant at the .01 level. To further illustrate the variation between
species a graphical representation of the relation of the 5-year periodic
d.b.h. change in inches to the present d.b.h. in inches is shown in figure
1. The final product of this analysis was a series of tables giving the
past d.b.h. values for the present d.b .h. vaLues for any period of years
less than seven.
Discussion

The equations used to convert the present d.b.h. to the d.b.h. at
some period in the past were very satisfactory for the purposes of this
study. In every case, not only was each independent variable significant
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at the .01 level but each equation accounted for more than 98 per cent
of the variation in the dependent variable. This high coefficient of
determination was due to (1) the short time interval involved and (2)
the small amount of variation that occurred during this period.
Variations between species are noticeable in figure 1. Red spruce,
red maple and hemlock show a generally uniform change in d.b.h. over
time within each species. The difference in d.b.h. change is great,
however, between species, with red spruce exhibiting the greatest d.b.h.
change and red maple the least. Balsam fir and white pine, on the
other hand, exhibit a definite increase in the d.b.h. change over time
with an associated increase in actual d.b.h. The regression equations
for these species indicate that their changes have similar rates (slopes)
but that the actual change (mean) for white pine is considerably less
than that for balsam fir throughout the range sampled. This is most
likely due to the widespread occurrence of the white pine leaf aphid
(Pineus pinitoliae, Fitch.) which has infested much of the pine on Indian
Township.
Prediction of future tree diameter and its opposite process, the estimation of past d.b.h., have been subjects of interests to foresters for a
long time, and various approaches have been proposed to solve these
problems. The method used in this study is effective because it involves a minimum of field work, the analysis is relatively simple and
straightforward and the results are accurate to a degree satisfactory for
most purposes. The relative accuracy is dependent upon the time interval between the present time and the time for which the estimate is
made. As is true in many situations of this nature, the individual estimates may vary somewhat from the actual values, but on the average
and for a number of observations the accuracy is high.
TABLE 1.

Multiple linear regression equations showing the relationship of
past dbh (Y) to present dbh (Xl) and the time interval in years
(X 2 ) by species
Equation

Species
Spruce
Balsam fir
Hemlock
White pine
Red maple

Y=
Y=
Y=
Y=
Y=

0.03
0.38
0.15
0.41
0.02

Cae!. of Deter. r2

+ 1.01X,- 0.17X,
+ 0.94X,- 0.14X,
+ 0.99X, - O.IIX,
+ 0.95X, - O.lOX,
+ 1.01X, - 0.07X,

all independent variables are significant at the .01 level

.994
.995
.998
.983
.998
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PRESENT D8H IN INCHES
FIGURE

1.

Relationship of the present 'd bh to the five year periodic dbh
change by species on partially cut stands in Washington County,
Maine

DATA SUMMARY
Results

A summary was made after obtaining all of the data required for
the analysis of the problem and following the conversion of the data to
usable form. Table 2 presents this summary by area (area number
equivalent to the number of growing seasons since the stand was partially cut) and by tree and stand characteristics. The means and extremes of each class are shown by the upper and lower series of numbers respectively.
Discussion

This summary is most useful in illustrating the type of trees and
stands that were sampled in this investigation. An average of 31 observations of samples was made on each area. Two or three trees of
each d.b.h. class were observed on each area, there being usually ten
d.b.h. inch classes represented in each sample. The average sample

TABLE 2.
Variable
Number of obs.
Age at the stump
Dbh -

inches

5 year b. a. growth
before cut - sq. ft.
Total height
Live crown length -

ft.

Crown ratio
Basal areal acre on
15 foot piot - sq. ft.
Basal area/acre on
25 foot plot - sq. ft.
Basal area/acre on
35 foot plot - sq. ft.
No. of trees/acre on
15 foot plot
No. of trees/acre on
25 foot plot
No. of trees-acre on
35 foot plot
Periodic b. a.
growth after cut - sq. ft.

Means* and Extremes* for each of the variables measured on 216
red spruce trees in Washington County, Maine
Area 1

Area 2

Area 3

Area 4

31
65
14-112
6.7
2.3-12.3
.052
.003-.116
39.9
14-61
22.2
5-42
54.6
27-85
67
0-198
72
9-143
66
31-151
437
0-863
427
89-998
401
113-951
.010
.000-.021

31
66
26-147
6.2
1.6-11.9
.044
.004-.147
38.3
10-58
22.3
6-41
58.7
38-77
62
5-162
70
8-122
64
19-99
433
62-863
454
89-954
436
136-702
.020
.003-.050

30
85
18-150
6.2
1.4-11.4
.043
.000-.136
40.7
9-64
19.4
5-39
47.4
27-75
73
3-165
84
30-159
87
38-151
298
62-493
310
66-532
316
147-532
.034
.000-.103

32
54
25-86
5.9
1.5-11.0
.040
.003-.147
34.8
11-60
18.9
6-39
56.4
25-92
75
10-168
74
23-131
76
30-116
528
185-1109
554
200-1064
552
294-815
.048
.003-.146

*Upper values are means, lower values are extremes

Area 5
30
75
25-123
5.5
1.5-10.8
.047
.007-.164
32.5
9-57
17.0
7-35
54.2
25-77
67
13-180
76
21-141
70
17-116
341
62-678
349
111-710
338
79-558
.068
.006-.177

Area 6
30
61
11-88
5.8
0.9-11.0
.033
.003-.104
34.6
6-59
24.1
4-43
70.4
45-85
48
2-120
53
21-108
57
30-119
241
62-278
290
133-466
307
136-441
.052
.008-.152

Area 7
32
67
25-134
5.4
1.4-9.8
.033
.002-.130
34.8
10-54
18.6
4-36
53 .0
31-71
58
5-238
74
22-148
77
38-121
40~

123-739
484
266-754
499
249-815
.086
.008-.275

Combined
216
68
11-150
6.0
0.9-12.3
0.42
.000-.164
36.5
6-64
20.4
4-43
56.4
25-92
65
0-238
72
8-159
71
19-151
388
0-1109
413
89-1064
441
7-951
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tree was approximately 68 years of age at d.b.h., 6 inches in diameter at
breast height and 36 feet in total height. The average sample plot had
about 400 trees per acre and 70 square feet of basal area per acre immediately following partial cutting.
These average values are not necessarily indicative of the stands
or trees in the area as a whole because of the nature of a purposive tree
selection sampling .method. The objective of this sampling technique is
not to represent the stand as a unit but to acquire witilin this unit tree
and stand values throughout the existing range. The summary sheets
indicate that a wide variation in values was obtained for all the characteristics sampled. Examples of some of the more extreme variations
.. are age at d.b.h., 11-150 years; d.b.h. in inches, 0.9-12.3; basal area per
acre, 0-238 square feet and the number of trees per acre, 0-1109.
CORRELATIONS
Methods and Results
The initial regression analysis computations were performed by the
ffiM 709 Data Processing System. This service was made available to
the University of Maine School of Forestry by the Massachusetts Institute of Technology through a mutual agreement.
The format for the master equation and a slight modification of
this are shown in table 3. The modified form, including the number of
growing seasons since the stand was cut (X,6 ) , was used only in the
final solution when the seven individual sample areas were combined in
a single regression. The independent and dependent variables, as
well as their appropriate designations, are also shown in table 3.
The solutions to these equations for each area and for the entire
combined sample are shown in table IV. Only those variables significant
at the .05 level or higher are included in these equations. Their coefficients of determination or "r" squared values are shown in the right
hand column. These values indicate the per cent of variation in the
dependent variable, tree basal area growth, that was explained or accounted for by the independent variables used in the preceding equation.
Although the equations shown in table 4 are the best possible from
a statistical standpoint, their practical application is limited. This is due
to the fact that many of the significant variables do not appear consisently in every equation. In addition to this, many of the independent
variables found to be highly significant would be extremely difficult to
obtain in the field on a practical basis. For this reason, two readily
observed and commonly recognized variables were selected in an attempt to construct some practical prediction equations. These two
variables, live crown length and initial d.h.h., were found to he well
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Multiple linear regression equation form used to determine the
significant variables correlated with tree basal area growth for red
spruce

where:
Y. ....................... tree basal area growth following cut

Xl... ..................age at dbh
X2 .....................dbh at the time the stand was cut
X3 .....................crown position I -dom, 2-codom, 3-int, 4-suppressed
X4..................... McLintock's vigor class I-excellent, 2-fair, 3-poor
X5 .....................5 year periodic basal area growth prior to cut
X6 ..................... total tree height
X7 .....................height to the live crown in feet
X8 .....................length of the live crown in feet
X9 ................... ..live crown ratio (X8/X6)
XI0 ..................stand basal area/acre at time of cut, 15 foot radius
Xll... ............... stand basal area/acre at time of cut, 25 foot radius
XI2 .................. stand basal area/acre at time of cut, 35 foot radius
X13 .................. number of trees/acre, 15 foot radius
XI4 .................. number of trees/acre, 25 foot radius
XI5 ..................number of trees/acre, 35 foot radius
XI6 .................. number of growing seasons since cut (used only for the solution of the
combined equation)
TABLE 4.

Multiple linear regression equations for each area and for all areas
combined predicting tree basal area growth using all those variables
significant at the .05 level or higher

Number of yrs.
Since cutting

Equation

+

2

3
4

5
6
7

combined

Y = 0.0026 0.1456Xs **
Y = 0.0037 + 1.0808Xa**
Y = 0.0284 - O.Ol1X/
0 . 6099X~ **
Y = 0.0217
1.0188X 5 ** - 0.0002X10 "'*
Y = 0.147
0.0426X 3 *'"
.
Y = 0.0205
1.2418Xs "'* - 0.0002X10 *
Y = 0.0311 + 0.0005X/ + 1.6334Xs"''''
- 0.0004Xl l **
Y = -0.0358 + 0.0002Xl. '"
0.7351Xs**
- 0.0002Xg** - 0.0002X10 **
0.00003X13 '" + 0.0139X1 6 **

+
+
+

+

+

+

.73
.66
.87
.89
.57
.88
.91

.305

* indicates significance at the .05 level

* * indicates significance at the .01 level
correlated with the dependent variable, periodic tree basal area growth.
Table 5 shows the regression equations of crown length and initial d.b.h.
on periodic tree basal area growth for each of the seven areas (with
growing periods from one to seven years) considered.
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The final correlation to be made was between the basal area growth
for a 5-year period prior to the time the stand was partially cut and the
initial d.b.h. in inch classes. The purpose of this analysis was to establish whether or not a curvilinear relationship could be expected between
these two variables. Figure 2 shows the calculated regression equation
and presents a grap~ical illustration of the straight line regression that
was found to best fit the observed data.
TABLE 5.

Linear regression equations showing the relationship of tree basal
area growth after partial cutting (Y) to live crown length (X s ) and
initial dbh (X 2 )

(Period)
Number of years
since cutting

Equation

r2

3
4
5
6
7

Y=
Y=
Y=
Y=
Y=
Y=
Y=

0.00052 + 0.00043X R
-0.00371 + 0.00108X s
-0.0128 + 0.00240X s
-0.0198 + 0.00359Xs
0.014 + 0.00313X s
0.009 + 0.0013X s
-0.022 + 0.00583Xs

.58
.66
.70
.62
.28
.85
.61

1
2
3
4
5
6
7

Y = 0.00053 + 0.00144X.
Y=-0.00125 + 0.00347)(2
Y = -0.013 +0.00755X.
Y =-0.0162 + 0.01096X 2
Y = 0.0024 + 0.00117X 2
Y = 0.0093 + 0.000717X.,
Y = -0.0259 + 0.02064X;

.50
.61
.61
.58
.45
.32
.69

2

in all cases the independent variables are highly significant (.01 level)

Discussion
In discussing the correlations found to be significant in this study
a few preliminary remarks are appropriate concerning the selection of
two of the variables. Basal area increment has been used as the dependent variable. Other alternative variables that might have been
used include diameteigrowth, radial growth or growth in bole volume.
Volume growth was not used because of the difficulty in obtaining precise-measurements of this characteristic and because of the limited time
available for the study. The initial argument in favor of basal area
growth as opposed to diameter growth is that basal area is more closely
related to volume, which is the value most desirable from the practical
standpoint. In addition to this, it has been shown by other studies and
with other species that basal area is more closely correlated with the
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FIGURE 2.

The relationship of the five year periodic tree basal area growth to
the dbh classes for 216 red spruce trees sampled in Washington
County, Maine

various crown and bole characteristics than is diameter growth (Baskerville, 1961; Kittredge, 1944; Wile, 1958).
The equations solved by the computer showed that the basal area
growth five years prior to the time the stand was partially cut was highly
significant on all the areas except two and for the entire sample. This
does not mean that the growth remained constant following partial
cutting, but rather it indicates that the trees which were growing rapidly
before the partial cutting continued to grow rapidly and those trees
which grew more slowly prior to the harvest continued to grow more
slowly following partial cutting.
If this factor, 5-year periodic growth prior to partial cutting, was
not considered, the most important variable was crown length. This
factor far surpassed crown ratio as a predictor of tree basal area growth,
a finding also reported by Smith (1960). He advocated the use of this
former variable, crown length, because of the higher correlation with
growtb, the familiarity of field men with this measurement, and the
fact that, unlike crown ratio. this factor does not vary inversely with
tree height.
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All of the equations exhibit coefficients of determination that exceed 0.57 with the exception of the common equation using a combination of all the 216 trees. This combined equation had an "r" squared
value of only 0.30. This low value occurred in spite of the fact that
there were more significant variables in this than in the previous equations. This apparent contradiction can be explained because the samples
on each separate area were located on the same site but there were considerable differences between the site. This occurred in spite of an
attempt to select similar sites on every area by using visible site indicators. This site difference is vividly illustrated by the regression of
basal area growth to live crown length on area six as compared to any
of the other areas. The difference was of such a magnitude that further
comparison of this area to others was not considered.
An interesting fact concerning the master equations can be seen
in table 4. Only on areas four, six, seven and for all the areas combined
do any of the stand measurements or variables appear as significant at
the 0.05 level or higher. These stand factors, basal area per acre and
number of trees per acre, were drastically modified at the time the
stands were partially cut, and no correlation between the variables and
the growth of the trees at that time could be expected. Since the time
the stand was modified, the new stand density and the new level of
competition have been exerting an effect on the basal area tree growth
on the residual stems. As no correlation or significant relationship was
evident until the fourth growing season, it may be concluded that it
took four years for the new stand conditions to significantly influence the
residual tree basal area growth. Since the coefficients of these variables
are negative, the relationship is inverse, meaning that an increase in the
residual basal area of the stand would influence tree basal area growth
adversely, at least within the limits of the data collected for this investigation. The largest coefficient was noted in area seven which indicates
that the effect of basal area was still increasing at that time, seven growing seasons following partial cutting.
The equations in table 5 were constructed for practical purposes.
The variables utilized in these prediction equations are commonly used
in the field, and the resulting equations are accurate enough for practical
application. In both sets of equations the variable coefficients are
positive, indicating a direct relationship between the dependent variable,
tree basal area growth, and either live crown length or d.b.h. in inches.
This means that the basal area growth of these trees increased with an
overall increase in tree size. This fact is explained geometrically as
well as biologically in that a unit change in diameter effects larger
changes in basal area as the diameter of the stem increases.
Since all of the relationships presented in this paper are linear.
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some evidence is appropriate to justify this approach. Figure 2 graphically illustrates the equation that best fits the relationship of the 5-year
periodic tree basal area growth prior to the time the stand was partially
\,:ut to the initial tree d.b.h. in inches and this same variable squared.
Of these two variables, only the variable itself was found to be significant
at the 0.05 level. The squared value was not significant at the 0.05
level. The data for this analysis were obtained from the entire sample of
216 red spruce trees and is considered to be adequate evidence supporting the theory that a linear relationship exists between the tree basal area
growth and the initial d.b.h.
GROWTH COMPARISONS: BEFORE AND AFTER
PARTIAL CUTTING
Methods and Results

Initial d.b.h. in inches was successfully used as an independent
variable to predict periodic tree basal area growth. An adequate method
for comparing the basal area tree growth before and after the stand was
partially cut would then be to compare the linear regression equations.
A test for significant differences in the slopes and means of these equations would indicate differences in the growth for the two periods. A
series of linear regression equations was constructed for the periodic tree
basal area growth prior to the time the stand was partially cut. The two
TABLE

Area

6.

Linear regression equations showing the relationship of initial dbh
to periodic basal area growth for periods prior to and following
partial cutting
Equation (period prior to cutting)

+
+
+
+

Y = -0.0028
0.0022X.
Y = -0.0052 + 0.00408)(2
0.00761X 2
Y = -0.01704
Y = -0.0128 + 0.00853X 2
Y = -0.016
0.01313X 2
Y 7" 0.0024 + 0.0059X 2
Y = -0.0224
0.01372X 2

2
3
4

5
6
7

Area

.47

.59

Equation (period following cutting)

-------------------2
3
4
5
6
7

.76
.69
.69
.61
.63

+

Y = 0.00053
0.00 144X 2
Y = -0.00125 + 0.00347X 2
Y = -0.01297 + 0.007554X 2
Y=-0.0162 + 0.010955X 2
Y = 0.00241
0.011741X 2
Y = 0.0093 + 0.00072X 2
Y = -0.0259
0.020635X 2

+
+

in all cases the independent variables were significant at the .01 level

.51
.62
.60
.59
.45

.32
.69
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sets of equations compared in this analysis are shown in table 6. Each
equation predicts the tree basal area growth for a period of years equivalent to the area designation. The equations for area six, for both
periods, have very low coefficients of determination and consequently
no comparisons for this area have been attempted.
Figures 3, 4, 5, 6, 7 and 8 illustrate the relationship between the
tree basal area growth for each period as a function of d.b.h .
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The relationship of [fee
basal area growth following
cut to tree basal area growth
before the cut as a function
of dbh for a four year
period.
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basal area growth following
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before the cut as a function
of dbh for a five year period.

/

/
4

/

/

/

6

e

D8H AT START Of PERIOD-lftCHES

FIGURE

8.

The relationship of tree
basal area growth following
cut to tree basal area growth
before the cut as a function
of dbh for a seven year
period.

An analysis of variance was made to determine whether or not the
differences between the regressions for basal area growth before and
after the time the stand was partially cut were significant on areas four,
five and seven. General and common equations were computed and the
analysis of variance table shown in table 7 was constructed. A significant
difference was observed on area seven only. The difference in the
means was highly significant (0.01), and the difference in the slopes was
significant (0.05).
])iscussion

The comparison of regression equations relating d.b.h. to tree
basal area growth imparts considerable information. In each case the
regression lines slope upward and to the right, further illustrating the
direct relationship of overall tree size to basal area growth.
Each successive figure, showing one years additional growth, indicates a gradual increase in the slopes as well as in the means. This
general trend is evident in spite of the fact that each curve is relating
the growth of trees on different sites.
The most interesting feature of these comparisons is the indicated
relationships between the regressions of periodic basal area growth on
d.b.h. for the two equal periods prior to and following partial cutting.
Figures 3 and 4 show that there was no appreciable difference in the
growth rate of the sample trees for a period of two growing seasons before and following partial cutting. Figures 5, 6 and 7 indicate a general
trend developing in which the differences are becoming apparent although no statistical 'significance was found. ' The greatest apparent
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difference in the growth rates before and after partial cutting occurred
on the area that had grown for seven growing seasons (figure 8). A
test for the significance of this difference was made, and the results
showed that the growth rate had increased significantly following partial
cutting and that the increase was even greater with the trees in the larger
size classes.
TABLE

7.

Analyses of variance for determining significant differences between
regression equations predicting basal area growth before and after
cutting

Area 4
Due to
between group means
between group regressions
residuals around individual
group regressions
total independent of general

62

sums of
squares
1756.554
650.193
29658.320

64

32065.067

D .F.
1

mean
squares
1756.554
650.193
478.360

"F" ratio
3.67 (n.s.)
1.36 (n.s.)

mean
squares
1839.735
198.106
970.858

"F" ratio
1.89 (n.s.)
.20 (n.s.)

mean
squares
16258.779
4399.640
1020.359

"F" ratio
15.93 **
4.31 *

Area 5
Due to
between group means
between group regressions
residuals around individual
group regressions
total independent of general

58

sums of
squares
1839.735
198.106
56309.792

60

58347 .633

D .F .
1

Area 7
Due to
between group means
between group regressions
residuals around individual
group regressions
total independent of general

**
*

62

sums of
squares
16258.779
4399.640
61221.536

64

81879 .955

D.F.

significant at the .01 level
significant at the .05 level

The growth comparisons made in this study for periods prior to
and following partial cutting indicate some interesting possibilities in
terms of the management of spruce stands. Since no appreciable growth
increase was noted for the initial 5-year period after partial cutting, it
could be inferred that a cutting cycle of ten years, under the intensity of
cutting practiced on the study area, would not fully utilize the growth
acceleration associated with partial cutting. On the other hand, no
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period of growth suppression or growth recession was noted immediately after cutting, which indicates that a series of light partial cuttings
could be made at short intervals without adversely affecting the growth
of the residual stems. The ultimate solution is certainly not offered in
this study and is most likely dependent, not only upon the physiological
or silvicultural aspects of the problem, but upon economic considerations
as well.
It appears that conclusive evidence has not been established as to
the effectiveness of various levels of partial cutting in increasing the
growth of individual stems in the residual stands. Future studies aimed
more directly at solving this somewhat evasive problem might provide
the answer. Permanent sample plots, such as those now being installed
on Indian Township in partially cut stands, seem to be the approach
most likely to provide a satisfactory solution. It is obvious that a period
of time longer than seven years is necessary in order to make an effective
evaluation.
This phase of the investigation cleac1y indicates that definite, measurable growth acceleration has been effected through the application of
the marking rules described in appendix B. This is an important consideration influencing the continued use of the tree selection system of
harvesting for spruce on the pulpwood producing lands of the northeast.
CONCLUSIONS
This study involved the investigation of the basal area growth of
red spruce trees in residual stands following partial cutting and the relationship of certain tree and stand characteristics to this growth.
Conclusions that were drawn from this study are:
Correlations
1. The best indicator of future red spruce tree basal area growth
following partial cutting, in the area studied, is the tree growth in basal
area for a 5-year period prior to the time the stand is partially cut.
2. Readily observed variables that may be used to predict with
reasonable accuracy the tree basal area growth of red spruce following
partial cutting are the length of the live crown and the initial d.b.h.
3. The relationship of periodie tree basal area growth and initial
d.b.h. for red spruce in Eastern Maine is linear.
Tree Growth
1. The effect of the change in stand basal area due to partial
cutting in red spruce stands in eastern Maine does not significantly influence the basal area growth of the residual stems until the fourth growing season following partial cutting.
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2. The effectiveness of a specific marking rule in increasing the
residual tree basal area growth cannot be assessed for at least seven
years following the application of the rule.
3. There is a direct linear relationship between tree size, as measured by d.b.h. or live crown length, and tree basal area growth of red
spruce trees within the size limits observed in the study.
4. Stand basal area is related inversely to the tree basal area
growth of red spruce in eastern Maine.
5. No growth suppression or "shock" period is present in the
residual red spruce stems following partial cutting on the area studied.
Diameter Prediction

1. The past d.b.h. of trees in the spruce-fir region may be determined with reasonable accuracy to the nearest tenth of one inch for
periods up to and including seven years through the use of multiple
linear regression techniques.
REVIEW OF UTERATURE
Description of Red Spruce

Red spruce (Picea rubens, Sarg.) is a medium to large tree found
throughout the entire northeastern United States and much of southeastern Canada (Harlow, 1958). At lower latitudes it is found along
the ridges of the Appalachian Mountain chain. In Maine it may be
found at almost all elevations.
The oldest living red spruce tree was reported by Murphy (1917)
as being 372 years old. The same author reported that the largest
red spruce on record was cut near White River Junction, Vermont. This
tree scaled 3590 board feet, had a butt log scaling diameter of 36
inches, its total height exceeded 120 feet, and the scaling diameter of
the fifth and last merchantable log was 22 inches. A larger tree was
reported at a later date with a diameter breast high of 57 inches and
total height of 162 feet (Korstian, 1937).
Red spruce has many uses, the major one being pulp. It is for
this reason that red spruce is so important to the wood using industries
of Maine and to Maine's overall economy. In addition to pulp, red
spruce is well suited to the production of lumber and dimension stock
(Ferguson, 1960).
Red Spruce Growth Characteristics

The outstanding growth characteristic of red spruce is that it can
endure extremely long periods of suppression without appreciably affecting its ability to respond to release (Korstian, 1937). Robertson (1942)
reported that this period of intense competition or suppression may be
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as long as one hundred years. The degree of response varies greatly
depending upon specific conditions but maximum growth following releai>e of suppressed trees may equal or even exceed the growth of open
grown stems (Korstian, 1937).
Actual growth increase .attributable to release has been reported
by 111any investigators. Korstian (1937) reported that for a period of
release of 35 years following partial cutting in the Appalachian mountains the per cent increase in average annual basal area growth at breast
height ranged from 145 per cent on one inch trees to 1.7 per cent on
eleven inch trees. In Canada, a sample of 190 trees, released by partial
cutting, indicated an increase of 30 per cent in the average annual
diameter growth between the 5-year period prior to the cut and the
sam~ length period following partial cutting in even-aged stands and
41 per cent in unevenaged stands (Johnson, 1951).
The elapsed time interval necessary before red spruce trees exhibit
accderated growth following partial cutting is not well defined. Time
intervals that have been reported are 2-4 years (Johnson, 1951), 1-6
years on good sites and 3-11 years on poor sites (Korstian, 1937), more
than five years (Day, 1954), five years (Hart, 1959) and 12-15 years
(Murphy, 1917) tending to indicate that an average of five years is
reasonable.
Korstian (1937) stated that growth response was most closely related with crown development and he further added that crown length is
the best indicator for use in 1;larvest tree selection. Smaller trees generally show greater response in diameter growth and in per cent growth,
but it is evident that the larger trees in any given stand continue to
grow more rapidly in terms of total increment (Johnson, 1951; Korstiim,
1937; Worthington, 1960).
Response to Release in Other Species

Extensive investigations have been made concerning the effect of
release on various tree species. Some of these studies are reported here
to illustrate the variation in results under different conditions as well
as to allow a comparison of these species to red spruce.
Observations of white spruce by Bowman (1944) led him to conclude that increases in diameter growth in that species occurred only on
good sites following partial cutting. Partial cutting in eastern hemlock
resulted in very little diameter increment acceleration for the first 5-year
period but effected, in the second 5-year period, an increase in average
diameter growth of 20 per cent (Cross, 1958) . An investigation of
black spruce diameter growth under two levels of stand basal area indicated that trees in the 3-, 4- and 5-inch classes showed significant increases but that trees in the 6- and 7 -inch classes exhibited similar
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growth rates under both density levels (Skilling, 1959). Balsam fir
studies have resulted in various conclusions concerning response to
release. In one situation, maximum growth in diameter occurred under
extremely heavy release treatment and the least diameter growth occurred in the control plots (Cooley, 1958). Contrary to this, Baskerville (1961) reported increases in stem increment due to release but
was unable to correlate the increase in growth rate to the treatment
level.
In western areas many studies concerning the response to release
of Douglas fir have been reported. Staebler (1956) worked in a natural
stand investigating the effects of four release levels on stem diameter
increment. He found that the initial level of release resulted in significant increases in stem increment but that ·additional release beyond that
level added little to the growth acceleration. Another report of a
similar treatment stated that, in a 3-year period, only the dominant trees
showed response and that this response was not significant at the .05
level (Krueger, 1959).
Correlation of Tree Characteristics to Growth

Previous investigations have been made on many species to establish correlations between tree growth and tree characteristics. Hart
(1959) stated that red spruce growth is best correlated with tree vigor,
crown ratio and crown class. Wile (1958) was in agreement in his investigation of the correlation of the crown characteristics of balsam fir
and red spruce to stem increment. He found that the basal area increment was most closely correlated with fresh crown weight (80 per cent),
next with crown profile area (75 per cent) and finally with crown
volume (57 per cent). Also, in balsam fir, Baskerville (1961) found
that the best regression that described diameter and basal area growth
was linear and used a combination of initial d.b.h., crown width, a competition factor and crown length although it w.as noted that the last
factor, crown length, added little to the coefficient of determination.
Cooley (1958) found a direct correlation in the same species between
the inch class and diameter growth. A study made in western Oregon
on Douglas fir by Warrack (1959) indicated that initial d.b.h. was the
factor best correlated with stem increment. Many other investigations
have shown high correlations between various crown characteristics and
stem increment (Holsoe, 1947; Arnold, 1949; Wile, 1958).
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APPENDIX
A. Temple Bowen, Jr.
Tree Number

A Study of Spruce Growth After Cutting
Maine Agricultural Experiment Station
TALLY SHEET I
DATE: month 6 7 8 9

day 10 20 30-1 2 3 4 5 6 7 8 9

AREA : (growing periods since cut) 1 2 3 4 5 6 7 8 9 10
TREE MEASUREMENT DATA:
1. present dbh: 10-1 2 3 4 5 6 7 8 9-.1 .2 .3 .4 .5 .6 .7 .8 .9

2. present crown position:
3. present vigor class :

dom.
II

I

codom.

inter.

supp.

III

4. radial growth in inches for period:
a. cut through 1959:

.1 .2 .3.4.5.6.7 .8.9
.01 .02 .03 .04 .05 .06 .07 .08 .09

b. 5 yrs. prior to cut:

.1.2.3.4.5.6.7.8.9
.01 .02 .03 .04 .05 .06 .07 .08 .09

5. single bark thickness:
6. present total height:

.1 .2 .3.4.5 .6.7.8 .9- .05
10 20 30 40 50 60 70 80 90- 1 2 3 4 5 6 7 8 9

7. height growth since cut:

12 3 4 5 6 7 8 9-.1 .2 .3 .4 .5 .6 .7 .8 .9

8. height to live crown:

10 20 30 40 50 60 70 80 90-1 2 3 4 5 6 7 8 9

9. crown length at cut :

10 20 30 40 50 60 70 80 90-1 2 3 4 5 6 7 8 9

10. present age:
a. stump:
b. dbh :

100- 10 20 30 40 50 60 70 80 90-1 2 3 4 5 6 7 8 9
100-10 20 30 40 50 60 70 80 90-1 2 3 4 5 6 7 8 9

11. length of shortest branch:

10-1 2 3 4 5 6 7 8 9

12. length of longest branch:

10- 1 2 3 4 5 6 7 8 9

COMMENTS:
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A. Temple Bowen, Jr.

TALLY SHEET 11
PLOT MEASUREMENT DATA:

tree nwnber

plot
dbh
tenths of inche 8
radius
inches
cies
S F HW C Be Bi PM A 15 2535 10 20 -1 2 34 5 6 789 - .1 .2 . 3 .4 .5 .6 .7 .8.9

•

SF ~W C Be Bi PM A 15 25 35 1020 -1 2 34 5 6 789- .1 .2 . 3.4 .5.6 .7.8.9

SF

~W

C Be Bi PM A 15 25 35 1020 -1 2 34 5 6 789- .1 .2 .3 .4 .5.6 .7.8.9

SF HW C Be Bi PM A 15 25 35 10 20 -1 2 3 45 67 8 9- .1 .2 . 3 .4 .5.6 .7.8. 9
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A • . Temple Bowen, Jr.

TALLY SHEET II-A
PLOT MEASUREMENT DATA: (at time of cut)

t

15

ast dbh
25

35

15

sample tree number

ast b. a.
25
35
constants for per acre conyer sian

15 - 61.62479
25 - 22.18493
35 - 11.318839

total b. a. /plot
b. a. /acre
tota~

numbe r of trees/plot

number of trees/ac re ( 1.6 in. +)

n

MAINE AGRICULTURAL EXPERIMENT STATION BULLETIN
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TALLY 5HE ET III
STUMP TALLY:

TREE NUMBER _
TRUE NORTH

o

RADIUS

I 0

S FT.
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SPRUCE·FIR PULPWOOD
MARKING RULES. 1948
(revised 1950)
University of Maine
School of Forestry
1.

2.
3.

4.

5.

6.

7.

8.

9.

Only spruce, fir and hemlock will be considered in the marking. All merchantable poplar may be taken by the cutters without marking. Other species will
be operated separately until the forest harvesting becomes more integrated.
No trees smaller than 5.6 inches dbh will be marked.
Spruce trees larger than 14.5 inches dbh will be marked. Smaller spruce will
be marked selectively. Crowded, suppressed or crooked trees ; tall, slender,
towering trees, and those with tops conspicuously above the general level of
the canopy after cutting; those which will be broken in felling larger trees;
trees with heavy, drooping, branches; trees with scanty or fading foliage, or
with very short live crowns in relation to total stem length, or with
branches, mainly on one side; trees with· broken, spike or bayonet tops,
or with stem wounds, bleeding or swollen knots, lightning scars, woodpecker
holes or other visible defects that make them poor risks for the next twenty
year cycle will be marked. Excessive moss may be a sign of slow growth.
In thinning young groups, an attempt will be made to leave a large, vigorous,
well formed tree every 10 to 15 feet. Spruce of good vigor up to 14.5 inches
dbh growing near good pine trees will be left to help prune the pine.
Fir trees larger than 10.5 inches dbh will be marked. Crowded, suppressed,
and crooked trees and those with broken tops or other visible defects (see #3
for a description of these) will be marked to a minimum dbh of 5.6 inches,
also those crowding pine and spruce. Fir will be marked more heavily than
spruce of this size, taking those with slender, spur like, tops, those with scarred
or rotten butts and those heavily infested with bark louse.
Any hemlock which appears to be a poor risk for the next 20-year cycle will
be marked down to 5.6 inches dbh. Well formed, vigorous trees may be left
up to 14.5 inches dbh. Hemlock does not stand opening up very well and
marking will therefor be largely group wise.
If a cut of three cords per acre cannot be obtained while leaving a windfirm
stand, no cutting will be done (except on limited areas). Generally the aim
will be to remove not over 50 per cent of the stand by volume. Where there
is danger of loss from wind throw or decadence following opening up, groupwise cutting will be practiced.
Trees to be cut will be blazed and stamped "M" or marked with a spot of
paint, once at eye height and once below stump level. Marks at eye height
will all face the same direction.
Within the roadside strip (150 feet from the centerline of hardsurfaced roads)
only trees that will be lost before the next cut will be marked. An attempt
will be made to salvage all dead and dying trees.
Dead trees are unmerchantable and will not be marked except those with
nee~les still on, which may be merchantable for rough pulpwood purposes,

